A novel technique of producing composite electrochemical coatings with non-agglomerated nanodiamond reinforcing particles uniformly distributed in the matrix was developed. The technique is intended for coatings to be applied by transferring material from the anode to the cathode. The anode is fabricated using the mechanical alloying method that enables a composite with the uniform distribution of non-agglomerated nanoparticles to be formed.
Introduction
Prospective way of metal electrodeposited coatings [1] properties improvement is application of nanomaterials for reinforcing metal matrix [24] . Almost immediately after their discovery, nanodiamonds [5, 6] began to be used for reinforcing electrochemical coatings [7, 8] .
The existing methods include the incorporation of diamond nanopowders (usually as suspensions) into the electrolyte. In this case, nanoparticles are in an agglomerated state. In electrochemical application of coatings, agglomerates are in practice not split; large agglomerates are screened out and retained in the electrolyte because primary nanoparticles and ne agglomerates are more readily transported to the coating application site. Thus, the existing methods enable the formation of so-called diamond-cluster coatings [9] . The main drawback of such coatings is that agglomerates of nanodiamond particles (clusters) do not possess high strength and break down under the action of cyclic loads, which leads to stress raisers and breakdown of the coating [10] . Thus, agglomeration of nanoparticles is the main obstacle for extensive introduction of nanocomposite electrodeposited coatings into practice. This work is aimed to rene techniques of applying composite coatings with nanodiamond reinforcing particles.
To eliminate the above-mentioned drawback, it is proposed to use the eect of disintegrating nanoparticle agglomerates in mechanical alloying [1114] to produce coatings with separate reinforcing nanoparticles. That is, to fabricate the anode by mechanically alloying composite components and consolidating produced granules into a compact material and then to use the anode for applying the coating by the electrochemical method [15] .
The technique is intended only for those kinds of coatings (copper, nickel etc.) that can be applied by dissolving the anode.
Materials and methods
A copper-based composite material with 20 vol.% nanodiamond reinforcing particles was chosen for studies.
Commercially available copper, grade M0, and nanodiamonds produced by Kombinat Elektrokhimpribor (Russia) were used. Primary nanodiamond particles 46 nm in size (Fig. 1a) were combined into agglomerates of up to 50100 µm (Fig. 1b) [16, 17] . The granules produced by mechanical alloying were compacted into bulk material using a hydraulic press. At rst, composite granules were put in a special pressmould, the mould was covered by a removable punch, and the granules were pressed at room temperature under 600 MPa pressure. Then the press-mould with the pressed granules closed by the removable punch was good composite coating adhesion to the substrate, no defects either in the coating body or in the area of coating contact with the substrate.
